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We demonstrated that the method can be used for quality control for feeds and feed additives containing choline chloride We report a simple chromatographic method which takes advantage of the hydroxyl moiety present in ChCl and a MS detector.
Method details

Background
Choline (2-hydroxy-N,N,N-trimethylethanaminium) is an essential nutrient belonging to the family of water soluble vitamin analogs, being the precursor for the neurotransmitter acetylcholine [1] . ChCl is a rather complicated analyte regarding detection as it lacks distinctive chromophores. Then, the use of traditional detection systems is limited or requires further derivatization. The most common approaches to assessing choline are by using ion chromatography, which uses specialized reagents to pair the choline ion or spectrophotometric analysis, which requires a colorimetric reagent and is time-consuming. However, more recent methods have been proposed using techniques such as nuclear magnetic resonance, mass spectrometry (MS), gas chromatography, capillary electrophoresis, UV-vis, thin layer chromatography [2] , but limited mainly, to foods for human consumption. Though no maximum levels of choline chloride in feeds have been established in the EU; Council Directive 70/ 524/EEC8 approves its use in all species as a nutritional additive [3] . Although choline chloride has an ample application in feed formulations, few methods have been designed to test for this analyte [4, 5] 
Sample extraction
A representative (1.0 AE 0.1) g subsample was used for testing, 5 mL of an 80 C preheated 6 mol L
À1
aqueous hydrochloric acid solution (to favor matrix components ionization, increase water polarity and extraction capacity) was added to the sample. The mixture was forced into contact and homogenized using a digital Ultra-turrax 1 at 18 000 rpm (T25, IKA 
Chromatographic conditions
All assays performed using an Agilent Technologies LC/MS system equipped with 1260 infinity quaternary pump (61311C), column compartment (G1316A), an automatic liquid sampler modules (ALS, G7129A) and a 6120-single quadrupole mass spectrometer with electrospray ionization ion source (Agilent Technologies, Santa Clara, CA, USA).
The isocratic analysis was performed at 0.20 mL min À1 using 20% acetonitrile and 80% water [type I, 0.055 mS cm
C, 5 mg L À1 TOC obtained using an A10 Milli-Q Advantage system and an Elix 35
(Merck KGaA, Darmstadt Germany)]. A volume of 0.10 mL was injected into the system for additives and 1 mL for compound feed. We obtained a complete chromatographic run for ChCl under 10 min.
Considering the presence of an hydroxyl moiety within the choline structure, an amine based chromatographic column was used for analytical separation (Zorbax Carbohydrate Analysis, 4.6 mm ID Â 150 mm, 5 mm, Agilent Technologies, Santa Clara, CA, USA). As the hydroxyl is a none ionizable functional group, it is more reliable for purposes of quantifying than the choline molecule's aminium counterpart is. (Fig. 1B) ; though in MS analysis, coeluents are less problematic. Fragmenter was cycled to assess the voltage (from 20 to 160 V) that renders the highest sensitivity for the compound;[ 5 _ T D $ D I F F ] omitting column interaction (Fig. 1C ). Drying gas, nebulizer pressure, drying gas temperature and capillary voltage was set, respectively, to 12.0 L min ). We demonstrated that a single quadrupole gives a high sensitivity and accuracy determining ChCl with only a fraction of the cost (ca. 120 000 USD) when compared to a tandem MS system, which allows their installment in laboratories with relative ease. An inherent advantage of using a MS detector for the analysis of choline, is the fact that no ionic mobile-phase modifier is needed to assess this analyte.
MS detection system conditions
Total ion chromatographs [ 3 _ T D $ D I F F ] allows us to obtain the MS spectra for choline (Fig. 1A) and demonstrate no other [ 4 _ T D $ D I F F ] substances coelutes during chromatography
Method performance and validation parameters
Standard calibration curves were prepared using concentrations ranging from 0.63 to 5.42 mg L Intraday and interday repeatability were estimated to be 7.4 and 10.4% RSD and 4.6 and 5.5% RSD at a 1 mg kg À1 and 1 000 mg kg
À1
spiking level, respectively. On both cases, calculations were performed using 6 independent replicates (Table 1) .
[ 
Real sample application
As ESI + was employed, the counter ion is not perceived by the detection system. Later, base choline is quantified, an issue that must be taken into account during formulation. The choline base should be multiplied times 1.34 (i.e. 139.62 g mol À1 /104.17 g mol À1 ) to obtain choline chloride.
quality control performed in our laboratory has found choline additives which reported far less freecholine than that recovered experimentally. Despite samples 4584 and 4585 being labeled as feed additives with 60 g choline/100 g, our obtained values ranged only from 13.6 to 28.8 g/100 g. On the other hand, a purer additive sample 5340 resulted in a concentration of 69.2 g/100 g ( Fig. 2A-D) . Hence, proving that our method can, in fact, be used for quality assurance. Applications of the method can be extended to total choline after (Fig. 3A) . The ion spectrum for choline is was obtained displaying the molecular ion [M] + at a mass to charge ratio (m/z) of 104. (69.24 AE 3.46) g/100 g. ( Fig. 3A-C ). In conclusion, the proposed method exhibits great accuracy and precision and is suitable for the purpose for which it was designed.
